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Abstract 
Nitrogen distribution was studied, by successive 1M (H1) and 3M HCl (H2) hydrolyses, on a natural soil
before (NS) and after 15N labelling (LS) in an incubation chamber and burning (BLS) in a furnace simulating
an intense fire (385 ºC, 10 min). The labelling increased the organic-N of H1 (H1-N) by 4.7%, due to the
increase in hydrolyzable unidentified-N (HU-N, 66.3%) and amino acids (AA-N, 11.2%), that
counterbalanced the reduction of amides (AM-N, 33.2%) and amino sugars (AS-N, 68.0%). After labelling,
H2-N decreased by 7.5%, mainly due to the reduction of AA-N (12.2%) and AS-N (14.9%); conversely,
ammonium-N (A-N) and non hydrolyzable-N (NH-N) did not vary and total organic-N increased slightly
(2.4%). In LS, the 15N labelling decreases as follows: H1-N (with AM-N > AS-N > AA-N . HU-N) > H2-N
(with HU-N > AA-N . A-N > AS-N) > NH-N. The added 15N was mainly incorporated in organic forms
(92.2%), following the distribution of the endogenous organic-N; nevertheless, the higher proportion of
recently incorporated 15N in hydrolyzable fractions, and lower in NH-N, showed that it is more labile than
endogenous N. The added 15N undergoes similar, but stronger, transformations and losses due to burning
than the native N: (1) 18.1% of endogenous-N and 22.4% of exogenous-N were lost; (2) H1-N, H1-15N, H2-
N, H2-15N, AA-N, AA-15N, HU-N and HU-15N decreased by 69.7%, 74.1%, 76.6%, 82.9%, 96.5%, 96.8%,
92.1% and 98.3%, respectively; (3) NH-N, NH-15N, A-N and A-15N increased by 81.0%, 314%, 81.3% and
78.2%, respectively; (4) AM-N increased (51.2%) whereas AM-15N decreased (1.7%). Therefore, soil burning
reduces the soil organic N reserves, through N volatilization (especially of labile N), and decreases N bio-
availability, through an important net transfer of N from the labile to the recalcitrant pool; jointly, both
processes will increase the negative effects of wildfires on the N cycle. In spite of the previous 15N labelling
process, LS could be considered as a representative forest soil, which undergoes similar changes during
burning than unlabelled soils, leading to a representative burnt labelled soil. Neither in LS nor in BLS the
distribution of the added 15N was uniform among the N fractions; nevertheless, as the reference levels of
15N enrichment in the organic N fractions are accurately known, both LS (as control treatment) and BLS
will be useful for further studies on the efficiency of several techniques on the post-fire restoration of the
soil N distribution.
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1. Introduction
Wildfires, mainly due to human activities, are one
of the most widespread factors of ecosystem
degradation around the world, because fire
destroys the vegetation cover and increases nutrient
and soil losses by leaching and erosion (Chandler et
al., 1983 and Carballas et al., 1993). As irreplaceable
constituents of both the biosphere and the
pedosphere, C and N are key elements affected by
burning, especially because they are very prone to
direct loss to the atmosphere through volatilization.
Consequently, important losses of soil N due to
burning have been frequently reported (DeBano et
al., 1979, Giovannini et al., 1990, Villar et al., 1998,
Fynn et al., 2003 and Prieto-Fernández et al., 2004);
moreover, wildfires also strongly modify the
distribution of the soil organic N forms, although
relevant studies on organic-N forms in burnt soils
are still scarce (Carballas et al., 1993, Knicker et al.,
1996, Almendros et al., 2003 and Prieto-Fernández
et al., 2004). It has been shown that, after soil
burning or heating, the soil NH4+-N concentration
increased (DeBano et al., 1979 and Prieto-Fernández
et al., 2004) and amino acids are strongly reduced
(Sánchez and Lázzari, 1999 and Prieto-Fernández et
al., 2004). Acid hydrolyses showed that high
severity wildfires decreased the most labile forms
and increased the most recalcitrant ones (Carballas
et al., 1993 and Sánchez and Lázzari, 1999),
reducing dramatically the labile N reserves that are
the major source of N for soil microorganisms and
plants (Carballas et al. 1993 and Prieto-Fernández et
2al. 1993). Therefore, soil N fertility was modified in
the short-term after the fire, but also in the longer
term because the N cycle became altered (Chandler
et al., 1983, Fynn et al., 2003 and  Prieto-Fernández
et al., 1993), its restoration being a basic step for
post fire reclamation of soils in the burnt soil-plant
system. 
In the last years, the addition of organic
amendments combined with plant sowing has
emerged as a promising technique for reclaiming
burnt soils, due to its beneficial effects on soil
microbial populations, soil aggregate stability and
pioneer plants growth (Vázquez et al., 1996, Villar
et al., 1998, Castro et al., 2000, Guerrero et al., 2001,
Meyer et al., 2004 and Villar et al., 2004). To
evaluate accurately the efficiency of these and other
techniques for the post fire restoration of the N
cycle, it is very useful to use isotopic tracers and,
therefore, to obtain previously a 15N labelled burnt
soil (Villar et al., 1998 and González-Prieto et al.,
1999). Although it is usually overlooked, the
introduction of 15N into plants or soils during
studies on N dynamics can lead to a non-uniform
distribution of 15N and 14N among the different N
fractions. Therefore, it is necessary to know this
distribution before undertaking any study on N
dynamics using labelled material (González-Prieto
et al., 1992, 1995a, b, 1997). In our laboratory, we
have successfully developed a procedure using
stepwise acid hydrolysis that accurately
discriminates among different N pools that have
contrasting lability in burnt and unburnt soils
(González-Prieto et al., 1992, 1997 and Prieto-
Fernández et al., 2004) and in other organic
materials (Takahashi et al., 2004).
In this paper we report, for the first time, the
changes of the 15N and 14N distribution among the
stepwise hydrolytic fractions of a natural forest soil
before and after being 15N labelled and burnt. The
main specific objective of this study was to quantify
the net losses and transfers of N due to burning in
the N pools, with contrasting lability and time of
incorporation, of a 15N labelled soil. A
complementary objective was to fully characterize
the 15N and 14N distribution of the 15N labelled
burnt soil, because its knowledge will be useful in
further studies about the efficiency of several
techniques on the post-fire restoration of the soil N
distribution.
2. Material and methods
2.1. Soil sampling and characteristics
Soil samples were taken from the A horizon (0-
15 cm depth) of a sandy, base desaturated Cambisol
over granite under Pinus pinaster Aiton located at
Salgueiras Hill (Galicia, NW Spain). Six samples,
which represented a total of 240 kg of soil, were
taken at random from a surface area of 1000 m2,
mixed to obtain a composite sample, sieved at 4
mm and thoroughly homogenized. The unburnt
soil was acid (pHKCl 4.0), contained 66.6 g C kg-1
soil, 4.31 g N kg-1 soil, 2.5 mg inorganic N kg-1 soil
in NH4+-N form and had a C/N ratio of 15.5
(González-Prieto et al., 1999).
2.2. Labelling of the soil
Three fibre glass containers (100 cm long, 50 cm
width, 50 cm high), each containing an amount of
fresh soil equivalent to 65 kg of dry soil, were
placed into an incubation chamber. The 15N tracer
was introduced in the soil as (15NH4)2SO4 (66 atom
% 15N), at a dose equivalent to 325 kg N ha-1. To
prevent soil surface acidification and to ensure a
homogeneous labelling of the whole soil, the soil
was put into the containers in five successive layers
(4 cm thick), each receiving 6.66 g of (15NH4)2SO4
dissolved in 2 l of distilled water, which was the
amount necessary to bring the soil to the 75% of
water holding capacity (González-Prieto et al.,
1999). After that, the soil in each container was
thoroughly mixed.
Lolium perenne seeds (40 g container-1) were
homogeneously distributed on the soil surface and
covered with a soil layer of 0.5 cm thick. The choice
of a herbaceous species instead of a bushy or
woody one was justified by its faster growth and its
usual presence in both the forest undergrowth and
the secondary succession in burnt soils. During the
photo period (16 h light/8 h dark), each container
was illuminated with a tubular high pressure
sodium lamp (400 W) placed horizontally 50 cm
above the soil, which received from 275 (centre) to
225 mE m-2 s-1 (corner). Lolium perenne was sowed
six times and harvested four weeks after each
sowing. Prior to the 5th sowing, the labelled
phytomass produced during the first four crops
was ground (< 50 mm) and thoroughly mixed with
the soil. The same was made with the phytomass of
the 5th crop, previously to the 6th sowing. After the
6th cropping, the 15N labelled soil was obtained and
also, as a sub-product, 15N labelled phytomass.
2.3. Burning of the labelled soil
Soil was heated at the laboratory in a furnace
under programmed conditions simulating those of
3the high severity wildfires (Fernández et al., 1997).
Sub-samples of dried soil (350 g) were placed on a
stainless steel tray, forming a 1.5 cm layer, and were
introduced into the furnace preheated to 385 ºC.
Temperature in the soil layer (monitored with a
thermocouple) reached 385 ºC after 25 min in the
furnace; the soil was maintained at this temperature
for 10 min and then replaced by a new soil sample
previously prepared on another tray (González-
Prieto et al., 1999).
2.4. Fractionation of the organic N
For organic-N distribution analyses, three
samples of each soil treatment containing 50 mg of
N were fractionated by a simple stepwise acid
hydrolysis (González-Prieto and Carballas, 1992),
involving refluxing samples with 1M HCl for 3 h
(H1) and then with 3M HCl for 3 h (H2). Total
hydrolyzable-N refers to H1 plus H2 (SH). Both the
neutralization of the hydrolysates and the
determination of the various forms of organic N
were made by the methods described in González-
Prieto and Carballas (1988). Under the specific
conditions for each form of N, the resulting
ammonia was steam distilled, collected into 10 ml
of 0.02M H2SO4 and measured by back titration of
the excess of H2SO4 with 0.01M NaOH:
- Amide-N (AM-N). An aliquot of 20 ml of
hydrolysate (H1) was steam distilled for 2 min
with 200 mg of MgO. The AM-N content was
calculated by subtracting the pre-existing
inorganic NH4+ (quantified by the 2 M KCl
extraction -steam distillation method) from the
ammonia recovered in this first gentle
hydrolysis, which only derives from this two
sources (Yonebayashi and Hattori, 1980).
- Ammonium-N derived from organic
compounds (A-N). An aliquot of 20 ml of
hydrolysate (H2) was steam distilled for 2 min
with 200 mg of MgO. 
- Amino sugar-N (AS-N). An aliquot of 20 ml of
hydrolysate (H1, H2) was steam distilled for 4
min with 10 ml of phosphate-borate buffer
(Na3PO4.10H2O 100 g l-1; Na2B4O7.10H2O 25 g l-1).
The AS-N content was calculated by subtracting
the amount of AM-N + inorganic NH4+-N (H1),
or that of A-N (H2), from the ammonia distilled
under these conditions; the value of AS-N
obtained was multiplied by 1.06 because only
93.8% of the amino sugar-N is recovered
(Yonebayashi and Hattori, 1980).
- Amino acid-N (AA-N). An aliquot of 5 ml of
hydrolysate (H1, H2) was transferred to reaction
bombs and reacted for 15 min at 150-160º C with
20 ml of a 1:1 mixture of conc. HCl and conc.
CH3CH3COOH. Once cold, the products were
dried by rotary-evaporation at 40º C and the
residue was redisolved in 15 ml of deionised
water and brought to pH 11.5 with 5 M and 0.5
M NaOH, a pH-meter being used to monitor the
process. This solution was heated at 100º C for
30 min to eliminate A-N, AM-N and AS-N and
a-amino acids were then determined after
reacting them with ninhydrin (100º C for 45
min), cooled and steam distilled for 4 min with
10 ml of phosphate-borate buffer and 1 ml of 5
M NaOH.
- Hydrolyzable organic-N (H-N). An aliquot of 20
ml of hydrolysate (H1, H2) was Kjeldahl
digested, transferred to a 200 ml flask and then
an aliquot of 20 ml was steam distilled for 4 min
with 12 ml of 10 M NaOH.
- Hydrolyzable unidentified-N (HU-N).
Calculated by subtracting the identified organic
N (AM-N, A-N, AS-N, AA-N) from H-N.
Two distillates were made and titrated for each
form of N. The resulting (NH4)2SO4 solutions were
then acidified with 2 ml of 0.02M H2SO4 and oven
dried at 80 ºC near a vial of 36M H2SO4 to prevent
possible contamination by atmospheric ammonia.
Aliquots of 40-60 :g N as (NH4)2SO4 were taken for
15N analyses with an elemental analyser (EA) on-
line with an isotopic ratio mass spectrometer
(Finnigan Mat, delta C, Bremen, Germany). Total N
and 15N analyses of soils and residues of hydrolyses
were also made with the elemental analyser on-line
with the isotopic ratio mass spectrometer.
To prevent cross-contamination between
samples: (1) glassware was cleaned in a dishwasher
and then immersed in 36M H2SO4 for 1 h; (2) two
aliquots of each sample were distilled
consecutively, and the data obtained from the first
distillate was discarded if cross-contamination with
the preceding sample was detected (Mulvaney,
1986); (3) 25 ml of 95% ethanol were distilled for 3
min between samples (Mulvaney, 1986); (4) NaOH
and H2SO4 titrated solutions were prepared from
extra pure concentrated solutions to prevent
contamination from reagents; (5) standards with a
known isotopic ratio were included to detect, and
to correct if necessary, for the isotopic dilution of
sample N by natural abundance N derived from the
reagents or from ambient NH3 (Kelley et al., 1991).
Data were statistically analysed by one-way
ANOVA and least significant ranges (L.S.R.) were
4determined at P < 0.05 using Tukey's test.
3. Results and discussion
3.1. Organic N distribution in the natural and the
labelled soil
Both the soil N content of the natural soil (NS) and
its distribution among the different hydrolytic
fractions (Fig. 1A and 2A,B,C; see Table 1 for the
abbreviations) are well within the normal range for
pinewoods soils from the same area (González-
Prieto and Carballas, 1991, Prieto-Fernández and
Carballas, 2000, and González-Prieto and Villar,
2003), with the relative exception of the slightly
high content of NS in amino sugars. These results
support the assumption that the NS was
representative of the forest soils found in the study
area.
Like the soil N content, the 15N natural
abundance for the whole organic N of NS (5.73 δ)
was  well within the normal range for pinewoods
soils from the same area (González-Prieto and
Villar, 2003).  The 15N natural abundance widely
varied among the main organic N fractions: 7.86 ‰,
10.07 ‰, 8.54 ‰ and 2.68 ‰ for H1-N, H2-N, mean
hydrolyzable N (SH1, H2) and NH-N, respectively.
The 15N isotopic signature also varied widely
among the hydrolyzable fractions, increasing as
follows: HU-N (4.80 ‰; with 2.48 ‰ in H1 and 8.22
‰ in H2), AM-N (5.76 ‰), A-N (6.63 ‰), AA-N
(11.85 ‰; with 11.06 ‰ in H1 and 13.38 ‰ in H2)
and AS-N (15.81 ‰; with 16.63 ‰ in H1 and 8.79
‰ in H2). Therefore, compared with the mean d
15N value of soil N, only NH-N and HU-N of H1
were 15N depleted, the other fractions being 15N
enriched. As processes leading to N losses
(ammonia volatilization, nitrate leaching and
denitrification) discriminate against the 15N isotope
(Högberg and Johannisson, 1993), the δ 15N decrease
in the main N fractions of NS (H1-N > H2-N > NH-
N) suggests that the easily hydrolyzable N pools are
more actively involved in transformation and loss
processes. This result agrees with the higher
biological availability of the easily hydrolyzable N
fractions reported by González-Prieto et al. (1997),
Xu et al. (1997), Prieto-Fernández et al. (2004) and
Takahashi et al. (2004).
Taking into account the significant differences of
15N natural abundance between atmospheric N2 (the
usual reference to calculate 15N enrichments) and
soil N in NS, and among the organic N fractions of
NS, all 15N calculations for the different N fractions
in LS and BLS were made by using as reference the
d 15N of the corresponding fraction in NS. 
Soil total organic N content increased slightly
(2.4%; Fig. 1A) from the natural soil (NS) to the
labelled soil (LS), in which  most of the exogenous
N was found in organic forms (92.2% of the added
15N). After the labelling process, the absolute
amount of organic N extracted with the first
hydrolysate (H1-N) increased and that hydrolysed
with the second one (H2-N) decreased, both
changes being not significant, whereas the non
hydrolyzable N (NH-N) did not vary (Fig. 1A).
However, expressed in a relative basis these
changes were significant: the percentage of organic
N as H1-N increased (4.7%) and that of H2-N
decreased (7.5%), both changes being nearly
counterbalanced and the relative proportions of
total hydrolyzable (SH1, H2; + 1.0%) and NH-N (-
1.0%; Fig. 2A) remaining roughly unchanged.
Table 1. List of abbreviations used in the text and figures.
Soil treatments Main organic N fractions Organic N compounds
NS Natural soil TO-N Total organic N AM-N Amide N
LS Labelled soil H1-N Organic N of hydrolysate 1 A-N Ammonium-N
BLS Burnt labelled soil H2-N Organic N of hydrolysate 2 AS-N Amino sugar-N
NH-N Non hydrolyzable N AA-N Amino acid-N
HU-N Hydrolyzable unidentified N
5Fig. 1. Quantitative changes in the organic N fractions after the labelling and burning processes. For each
N pool, different small letters (a, b, c) indicate significant differences among soil treatments. See
Table 1 for the list of abbreviations.
Fig. 2. Changes of the organic N fractions, on a percentage of organic-N basis, after the labelling and
burning processes. For each N pool, different small letters (a, b, c) indicate significant differences
among soil treatments. See Table 1 for the list of abbreviations.
The small absolute increase in H1-N from NS to
LS (Fig. 1A) was mainly explained by the important
increase of the hydrolyzable unidentified N (HU-N,
66.3%), which was likely due to the recent
incorporation of plant phytomass because: (1) this
fraction comprises a substantial proportion of total
N in many plant species (Morikawa et al., 2004),
and (2) most of this unidentified N from plant
materials is extracted with H1 (González-Prieto et
al., 1995a, b). The augment in HU-N, and to a lesser
extent that in amino acid N (AA-N, 11.2%),
counterbalanced the significant reduction observed
in the amide (AM-N, 33.2%) and the amino sugar
fractions (AS-N, 68.0%) (Fig. 1B). These changes
agree with those reported for AM-N by González-
Prieto et al. (1997) and for AS-N by these authors
and Parsons (1981), although Stevenson (1982) and
Pal et al. (1987) found an increase of the latter
fraction after soil cultivation; however, note that
our labelling process, although involving plant
6growth and phytomass recycling, was not the same
as for agricultural applications in an outdoor
environment. The lack of significant changes from
NS to LS in the other N fractions agreed with the
results reported elsewhere after soil labelling
and/or cultivation (Stevenson, 1982, Kelley and
Stevenson, 1987, Pal et al., 1987 and González-
Prieto et al., 1997), except in the case of AA-N
which normally decreases due to cultivation
according with these authors. In the N extracted
with H2 (Fig. 1C), the only noticeable change due to
the labelling process was a small decrease of AA-N
(12.2%) and AS-N (14.9%), because the other
fractions hardly varied. The changes induced by the
labelling process on the organic N distribution, on
a percentage basis, among the hydrolyzable
fractions were similar to those found for the
absolute amounts, except that the decrease of AS-N
and AA-N from NS to LS was significant (Fig. 2B,
C).
In spite of the significant changes observed in
some N fractions, the organic N distribution of LS
still fell well within the normal ranges for pine
forest soils from the study area (González-Prieto
and Carballas, 1991 and Prieto-Fernández and
Carballas, 2000) and, therefore, LS was
representative of naturally occurring forest soils
(NS) and served as an adequate control.
After the labelling process, the total organic N
(TO-N) in the LS averaged 1.1365 atom% 15N in
excess (Fig. 3A). The two main hydrolyzable
fractions were 15N enriched, with H1 and H2
containing 72.3% and 36.0% more atom% 15N in
excess, respectively, than the average TO-N. In
contrast, the non hydrolyzable fraction (NH-N)
contained 69.9% less than the average TO-N (Fig.
3A). The 15N enrichment was higher in all fractions
of H1 (decreasing in the order: AM-N > AS-N >
AA-N . HU-N; Fig. 3B) than in those of H2
(decreasing in the order: HU-N > AA-N . A-N >
AS-N; Fig. 3C).
Fig. 3. Changes in the 15N enrichment of the organic N fractions after the labelling and burning
processes. For each N pool, different small letters (a, b) indicate significant differences among soil
treatments. See Table 1 for the list of abbreviations.
The recently incorporated N (15N labelled) was
much more labile than the endogenous N, because
in LS the 15N labelling decreases in the order H1-N
> H2-N > NH-N (Fig. 3A,B,C) as also reported
González-Prieto et al. (1992). With regard to the
mean value in H1-N, both AS-N and AM-N of LS
were more 15N enriched whereas AA-N and HU-N
were slightly less labelled, showing that the former
fractions are more important than the latter as a
sink of recently incorporated 15N (Fig. 3A,B). For the
same reasons, HU-N and AS-N were, respectively,
the most and least important sink in H2 for the
added 15N, A-N and AA-N being in intermediate
positions (Fig. 3A,C). The order of absolute
importance of the hydrolyzable N fractions of LS as
a sink for the added 15N was similar to that for the
endogenous N (Fig. 2A,B,C and 4A,B,C).
Conversely, the importance of NH-N as a sink of
7added 15N was lower than would be expected from
its importance as a component of the endogenous N
pool (Fig. 2A and 4A). These tendencies are
common in temperate and tropical soils that are
exposed to different cultural uses (González-Prieto
et al., 1992, 1997).
Fig. 4. Changes in the amount of exogenous 15N in the organic N fractions after the labelling and burning
processes. For each N pool, different small letters (a, b) indicate significant differences among soil
treatments. See Table 1 for the list of abbreviations.
3.2. Burning effects on the distribution of the organic N
compounds
Soil burning reduced significantly  (P< 0.05; Fig.
1A) the total organic N content from the labelled
soil (LS) to the burnt labelled soil (BLS), the loss of
organic N (18.1%) being within the range (5-50%)
reported for burnt and heated soils (DeBano et al.,
1979, Giovannini et al., 1990, Villar et al., 1998,
Sánchez and Lázzari, 1999 and Prieto-Fernández et
al., 2004). Moreover, soil burning modified
significantly the main organic N fractions: those
hydrolyzable (H1-N, H2-N) were reduced by 70.9%,
as found Sánchez and Lázzari (1999) and Prieto-
Fernández et al. (2004), whereas the
unhydrolyzable residue (NH-N) was increased by
81.1% (Fig. 2A), reaching a level higher than in
either NS or LS.
The drastic decrease in the proportion of
hydrolyzable N from LS to BLS reflects the strong
reduction in BLS of the relative importance of both
AA-N and HU-N (Fig. 1B,C). The AA-N decreased
by 96%, exceeding the range of 7-67% usually
reported (DeBano et al., 1979, Carballas et al., 1993,
Sánchez and Lázzari, 1999 and Prieto-Fernández et
al., 2004), whereas the HU-N diminished by 90.4%,
a figure close to the 88.7% found by Prieto-
Fernández et al. (2004). The decrease in
hydrolyzable N after burning also reflects the
reduction in the percentage of organic N as AS-N
from LS to BLS by 44.6%, a value which was within
the range (8.1-58.2%) reported by DeBano et al.,
(1979), but that was lower than the 59.1-86.4%
found by Prieto-Fernández et al. (2004).
Conversely, AM-N rose by 51.2% from LS to
BLS, reaching a value intermediate between NS and
LS (Fig. 1B). This increase, similar to the range of
55.9-57.6% reported by Prieto-Fernández et al.
(2004) in a heated soil, was likely due to an
augmentation of primary amidic linkages exposed
to the hydrolysis in BLS by the thermal cleavage of
secondary amidic and peptide linkages (Russell et
al., 1974, DeBano et al., 1979 and Almendros et al.,
1990). As AM-N was determined by difference
between the soil inorganic N content before and
after the first hydrolysis (Yonebayashi and Hattori,
1980), its increase from LS to BLS could also be
partially explained by: (1) the hydrolysis of non
amidic linkages that were altered by soil heating;
and (2) the extraction with H1 of some proportion
of the heat-derived ammonium N, which is not
fully extracted with 2M KCl (Kitur and Frye, 1983,
Giovannini et al., 1990 and Serrasolsas and Khanna,
81995). 
Like AM-N, A-N also increased significantly, to
the highest level found (Fig. 1C),  from LS to BLS
(81.3%) as a normal consequence of soil burning or
heating (DeBano et al., 1979, Sánchez and Lázzari,
1999 and  Prieto-Fernández et al., 2004). This result
was likely due to the decomposition of soil organic
N and the liberation of soil mineral N due to
heating (Russell et al., 1974); however, the increase
in aromaticity of soil organic matter (SOM) during
its first pyrolytic steps could also be involved
because the newly formed C=N compounds are
hydrolysed to ammonium (Schnitzer, 1985).
 The 81.0% increase in NH-N after burning was
higher than that found by Sánchez and Lázzari
(1999) for prescribed fires (7.9-11.4%), but identical
to that reported by Prieto-Fernández et al. (2004) in
similarly heated soils. This increase most likely
occurred because several changes in SOM took
place during the heating, including: (1) the selective
destruction of the more easily decomposable SOM
(González-Prieto et al., 1999); (2) the enrichment of
more stable forms of N, which were more resistant
to volatilization losses (Knicker et al., 1996) and to
acid hydrolyses (Barriuso et al., 1987); (3) the
increased formation of irreversible linkages of
organic compounds with clay and Al and Fe oxides
(Almendros et al., 1990 and Fernández et al., 1997),
making extraction by acid hydrolysis more difficult
(Barriuso et al., 1987). The reactions discussed in the
last two points were likely the causes for the
increase in the absolute amount of NH-N, both
endogenous and exogenous, after soil burning. 
The heat-induced changes on the organic N
distribution, on a percentage basis, among the
hydrolyzable fractions were similar to those found
for the absolute amounts, except for the importance
of the AM-N in BLS that became similar to that in
 NS (Fig. 2B, C).
Although the 15N enrichment of the whole soil N
did not significantly change from LS to BLS, the soil
burning reduced significantly the 15N enrichment of
the hydrolyzable N (by 5.1% in H1-N, P < 0.01; by
18.9% in H2-N; P < 0.06) whereas that of the non
hydrolyzable N was tripled (+ 181%; Fig. 3A).
Among the hydrolyzable fractions, the HU-N, from
both H1 and H2, showed the highest reduction in
15N enrichment due to soil burning (by 83.2% and
74.7%, respectively), followed by AA-N from H2
(22.0%), AM-N (20.0%) and AA-N from H1 (3.69%);
the other fractions became more 15N enriched, very
slightly for AS-N from H1 (0.52%) and more
noticeably for A-N (20.3%) and AS-N (98.7%) from
H2 (Fig. 3B, C).
The exogenous N was significantly reduced by
the soil combustion (P< 0.05, Fig. 4A). The net loss
of organic 15N from LS to BLS (22.4%) was
exclusively due to the large reduction in H1-15N
(76.6%) and H2-15N (82.9%), which overcame the
net increase (314%) of NH-15N (Fig. 4A). Among the
hydrolyzable fractions, AA-15N and HU-15N, from
both H1 and H2, underwent huge losses due to soil
burning (96.5% to 98.6%), whereas the decrease in
AS-15N was only significant for that extracted with
H1 (54.2%; Fig. 4B, C). Contrastingly, AM-15N
hardly varied from LS to BLS (- 1.68%) and A-15N
increased significantly (78.2%; Fig. 4B, C). 
The changes due to soil burning on the
percentage of organic 15N represented by each N
fraction (Fig. 5A, B, C) were generally similar to
those found for the absolute amount of 15N.
Nevertheless, the importance of AM-15N increased
from LS to BLS, because its absolute amount
remained nearly stable in spite of the decrease in
total organic 15N; other difference with the absolute
amount of 15N was the non significant decrease in
the percentage of 15N extracted as AS-N with H1.
Compared with the native N, the added N was
more prone to volatilization during soil burning as
was shown by the decrease in 15N enrichment of
BLS compared to LS (Fig. 3A,B,C). The same was
true for the heat-induced changes during the
heating that caused a threefold increase in NH-15N
in BLS compared to LS (Fig. 3A). The changes
observed from LS to BLS both in the atom% 15N in
excess of the N fractions and in the distribution of
the added 15N showed that during soil burning the
recently incorporated N undergoes similar
transformations and losses as the native N, but to a
greater extent.
9Fig. 5. Changes in the distribution of exogenous 15N, on a percentage of organic-N basis, among the
organic N fractions after the labelling and burning processes. For each N pool, different small
letters (a, b) indicate significant differences among soil treatments. See Table 1 for the list of
abbreviations. 
4. Conclusions
Like prior to labelling, the soil after the
incorporation of the 15N tracer could be considered
as a representative forest soil, in spite of the
significant changes in the soil organic N
distribution induced by the labelling process (a
decrease of AM-N and AS-N and an increase of
HU-N of H1).
The use of 15N labelling showed that: (1) most of
the added N was incorporated into several organic
forms having the same distribution pattern as the
endogenous N; (2) AM-N was a much more
important fraction for the exogenous than for the
endogenous N; (3) the proportion of exogenous N
was higher than that of endogenous N in all the
hydrolyzable N fractions, whereas the reverse was
true for NH-N, both factors showing that the
recently incorporated 15N is more labile; (4) the
volatilization of soil N due to burning was more
important for the recently incorporated N and the
easily hydrolyzable fractions (i.e., the more labile
and biologically available N pools); and (5) the
burning increased the NH-N mainly through an
important net transfer of the N from the more labile
to the more recalcitrant N pool. Considered
together, the last two points clearly showed that soil
burning reduces both the soil organic N pool and
the biological availability of the N that persists in
the heated soil, worsening the expected effects of
wildfires on the N cycle in the soil-plant system and
delaying the recovery of the vegetation cover.
Neither in the labelled soil nor in the labelled
burnt soil the distribution of the added 15N was
uniform among the N fractions. Nevertheless, as the
reference levels of 15N enrichment in the organic N
fractions are accurately known, both the labelled
soil (as control treatment) and the labelled burnt
soil will be useful for further studies on the
efficiency of several techniques on the post-fire
restoration of the soil N distribution.
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